Abstract. Lignocelluloses based natural fibers composites are very prone to water absorption due to OH functional group within cellulose and hemicelluloses of natural fibers. In this work, the water retention in the kenaf/polypropylene (kenaf /PP) composite due to repeated immersion and drying are studied. The composites (40%, 50%, 60% and 70% fiber loading) are immersed in the water and then dried in room condition (24°C and 48 % humidity) for 4 cycles (1 cycle is 10 days of immersion and drying). The parameters are 8\2 (imply 8 days immersion\ 2 days drying), 6\4, 4\6 and 2\8 per cycle. Continuous immersion (100% immersion) is used as a reference of water absorption behavior of the composite. The results for 70% fiber loading under minimum drying days of 8\2, shows that the water retention reduced to 36% from the water absorbed and further drying only reduced to 31%. When the experiment are repeated for several cycles, 70% fiber loading composites shows a decreasing pattern in water retention at the second cycle whereas 40% fiber loading composite showing an increasing pattern. Duration of immersion\drying does play an important role in the amount of water retention in the composite. The water retention of the composites either show an increasing or decreasing pattern depending on kenaf fiber loading and repetition of the immersion\drying for several cycles.
Introduction
It is commonly known that outdoor application will expose the products to inconsistent weather elements such as water, UV light, wind and temperature [1] . Most of the application of natural fiber composite is limited to indoor application whereby it is not directly exposed to water. Water absorption has been one of the weakness of natural fiber composite, it reduce the mechanical properties and also physical properties of the composites [2, 3, 4, 5, 6, 7] . The condition of the outdoor application does not only involve with water absorption, it is also involve with repeated absorption and desorption process due repetition of rain and sunshine on the material.
It was reported by Costa et al [2] that the increase of immersion time corresponds to water content, reduce stress at rupture and elastic modulus of the composites. Meanwhile Panthapulakkala et al [3] results showed that when wet samples are re-dried (60°C for 5 days in an air oven), the tensile strength and modulus is decreased more lower compare with original samples but still higher than wet samples. Roger et al [8] has conclude that under cyclic humidity and cyclic water soaking conditions of aspen fiber/polypropylene composites , the composites showed a small but steady increase in moisture sorption with each humidity cycle and wetting cycle.
Espert et al [7] were mentioned regarding 3 mechanisms of moisture penetration into composites materials. The main mechanism stated that it was by diffusion of water molecules into the micro gaps between polymer chains. The second mechanism is capillary mechanism and transport by micro cracks. The capillary mechanism involves movement of water molecules into the interface between fibers and matrix. This mechanism is particularly important in composites with weak interfacial adhesion and during debonding between fiber and matrix. On the other hand, flow and storage of water inside the cracks, pores or small channels in the composite structure are classified as third mechanism, transport by micro cracks.
Wang et al [9] used percolation theory to get better understanding on moisture absorption mechanism of in natural fiber reinforced composites. The results concluded that at high fiber loading, fibers are highly connected, and the diffusion process is found to be dominant mechanism; while at low fiber loading close to and below the percolation threshold (may below 50% fiber loading), the formation of a continuous network is the key and hence percolation is the dominant mechanism.
Eligon et al [10] have mentioned that in wood, adsorption and desorption of moisture under constant temperature exhibit hysteresis. When subjected to higher relative humidity and the return back to early humidity, the path of moisture content does not follow the same path. The moisture on returned path is higher than the original moisture content i.e. the woods retained the moisture. Kenaf and any lignocelluloses material are similar to wood in term of its constituent, so it also exhibit hysteresis. Thus it is expected that kenaf is one of main reason why water retention occur in composite.
Hysteresis also happened in porous material, the simplest term to explain the hysteresis phenomena are using pore blocking concept in ink-bottle model. Hysteresis is expected to occur if the only access for large pore of ink-bottle is through the narrower neck of ink-bottle. The wide body of inkbottle pore is filled at vapor pressure which corresponds to delayed condensation in the ink bottle. The ink-bottle remains filled until the narrow neck empties first at lower vapor pressure.
In much complex network model; factors like the size of the neck, connectivity of the network and the condition of neighboring pores determine the vapor pressure at which the pore body start drying. The pores network empties when the relative pressure is below the characteristic percolation threshold which associated with the onset of continuous cluster of pores open in the surface. [11, 12] 
Material and Methodology
Kenaf used in study are harvested from Terengganu and processed at Institute of Tropical Forestry and Forest Products (INTROP) into kenaf fibre size ≤500 µm. The polypropylene (PP) used is TitanPro Grade PD6331 with melt flow index of 14 gram/minute at 230°C manufactured by Titan Petchem (M) Sdn. Bhd., Malaysia. Kenaf and PP are compounded using Micromac twin srew extruder model MCT-30 (Micromagna Engineering Sdn. Bhd., Malaysia). Kenaf and PP are compounded into pallet using 40%, 50%, 60% and 70% of fibre loading for next injection moulding process into flexural shape specimens.
25 flexural specimens of each fibre loading are selected for this study. There are 4 immersion\drying parameter for this experiment whereby 5 specimens used in each immersion\drying parameter. The specimen are pre-dried in the oven for 24 hours at 105°C and weighing using AND balance model GR200 with accuracy of 1mg.
The immersion\drying process involve in this experiment are: 10\0, 8\2, 6\4, 4\6 and 2\8. and 10\0 is actually continuous immersion. The first number dedicated to days of immersion and the second number dedicate to days of drying. On 50 days of immersion it indicates by number 50\0. Similarly for 2, 4, 6 and 8 days of continuos immersion will be indicate by number 2\0, 4\0, 6\0 and 8\0 respectively.
For continuous immersion, after immersed in distilled water, the specimen will remove from water,wipe and immediate weigh. Meanwhile immersion\drying treaments data is collected after completed a cycle or every 10 days. The specimens directly undergone room drying process without wipe at 24°C and 48 % humidity. There are 2 water retention formula used, water retention based on original weight which refer to formula (1) and water retention base on water absorbed which refer formula (2).
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(1)
Where W t is weight at time t, W o is weight before immersion, W A is percentage of water absorbed, W R is percentage of water retention after immersion\drying process; W A -W R /W A is actually ratio of water loss over water absorbed.
The immersion\dryings are repeated for 4 cycles. After completed the cycle, specimen from 4\6 undergo continuous immersion for 4 days, its note by 4\0 cycle 5. Rate of absorption are calculated using formula (3) Results and Discussion Continuous Immersion. From the Figure 1 it can be seen that composite with 40% fibre loading shows almost linear water absorption increment but still remained below than 10% until day 50. Meanwhile the 50% and 60% fibre loading, the water absorption are consistent until day 20 and level off at 12-13% while 70% fibre loading level off on day 10 at 15%. In a system where hydrophilic cellulosic material are well encapsulated within the hydrophobic PP, the only way the water can penetrate into the composite is through the gap between PP molecular chains. A well disperse and low fibre loading composites are encapsulated by thicker PP thus the rate of water absorption is very low due to low water penetration between gaps of PP molecular chain. In this situation, water penetration by the means of capillary and micro crack mechanism is minimal as mention by Espert at el [7] . High fibre loading composites form a network of hydrophilic fibre, thus a higher fibre loading gives better interconnected fibre and bigger 'neck' for the water to penetrate deeper into the composite. This is the possible reasons why 40% fibre loading absorption rate is lower compare to the rest of the fibre loadings as shown in Fig.1 . Effect of Drying 70 % fibre loading is expected to have more fibres on the surface as compared to other fibre loading. Therefore during the drying process, 70% fibre loading lost most of the water and only retain about 36-28% after 2 days of drying. This loss is due to well connected network of fibres with most of them connected to the surface where water vapour evaporates into environment. Meanwhile for 40% fibre loading, majority of fibres are expected to be fully encapsulated by PP which contribute to discontinuation of network between fibres; thus, the dominant mechanism of water movement is through micro cracks and gaps between polymer molecular chains. These conditions contribute to high water retention which can be explained by ink-bottle concept; smaller 'neck' and discontinued network to the open surface block water in pores from drying.
Composite Science and Technology
Repeated Immersion\Drying Effect on Absorption Rate. When the immersion and drying are repeated until the 5 th cycle, first day immersion of the 5 th cycle absorbed more water than first day immersion of the 1 st cycle (positive value shown by the graph in Fig 3) . This indicates the passage of fiber network become wider thus allowing water to re-penetrate the composite faster.
Mazuki [6] had mentioned about white material suspected to be extracts of kenaf ooze out from the composite after long immersion and Yu [13] observed that a microbial retting has reduce most of the constituent of kenaf. The missing kenaf constituents, either due to by the means dissolve of soluble extract or microbial retting process, contribute to larger porosity or gaps between fibre and PP within the composite. Fig. 3 also suggests that majority material loss occur dominantly on the surface and become lesser as it was extended deep into the composite. After the rapid first day absorption rate, the difference of absorption rate between 5 th cycle and 1 st cycle rate for 40% fibre loading tend to be zero (indicate same absorbing rate) while for 70% fibre loading become negative (indicate slow absorption rate as composite nearly attained saturation point).
Fig 4 shows that influence of missing constituent can be detected in weight difference, after drying over night in oven at105°C, before and after the experiment.
As a result of larger passage and increase in pores, water retention based on absorbed value decrease significantly into negative value which means loss due to drying is more than 100% i.e. the composites could not retained as much water as it absorbed it absorbed, as shown in 
Summary
Duration of immersion and drying does affect the amount of water retention in the composite. Longer immersion and shorter drying exhibit the greatest amount of water retention. Drying process has reduced more water retention in high fibre loading composite. Fibre loading contributes significant effect on water retention. In low fibre loading the water retention increase exceed the water absorbed in the first cycle of immersion. The pattern increase and decrease of repeated immersion depends on number of repetition, duration of immersion and drying, and fibre loading too.
